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coli O26 strains harbored VTs genes, two of them were not
cytotoxic for Vero and HeLa cell lines. Perhaps both strains
elaborate very low quantities of verotoxins, or verotoxin genes
were not expressed under the laboratory conditions of growth.
The results of this study showed the presence of vero-
cytotoxin-producing strains of E. coli O26 in Poland; never-
theless, further studies are needed to determine the presence of
sorbitol-positive and sorbitol-negative VTEC strains.
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High frequency of reduced susceptibility to penicillin in serogroup
29E meningococci
Penicillin remains one of the most widely used therapies for
treating meningococcal disease. Neisseria meningitidis was
extremely susceptible to penicillin. However in the last decades
meningococcal isolates with decreased susceptibility to peni-
cillin have been reported in several countries [1,2]. Minimum
inhibitory concentrations (MICs) for moderately resistant iso-
lates are 2- to 20-fold higher than those of fully susceptible ones
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Table 1 Distribution of meningoccal strains by serogroup
B C W-135 Y Z X 29E Ng*
First survey 519 89 – 7 7 7 6 154
Second survey 273 33 2 6 3 5 17 106
*Strains which could not be included in any group.
( 0.12 mg/L). Two meningococcal carrier surveys were made
in Galicia (Spain) between 1996 and 1998 [3]. Table 1 shows
the distribution by serogroups of the meningococci isolated
from those studies. The susceptibility to penicillin of the men-
ingococcal carrier strains was determined. We used the agar
dilution method, in Mueller Hinton agar (Difco Laboratories,
Detroit, MI, USA), with a final inoculum of 105 CFU. The
MICs doubling dilution range tested was 0.007–2 mg/L. Cul-
tures were incubated for 24 h at 37 °C under a 5% carbon
dioxide atmosphere. The plates were read manually and the
MIC was defined as the lowest concentration at which no
growth was visible on the agar plates.
The highest proportion of meningococci that were mod-
erately resistant to penicillin was found among serogroup 29E
meningococcal strains. In the first survey 83% of 29E serogroup
isolates showed MIC  0.12 mg/L, and 64% in the second
study. The proportion of meningococci with this pattern of
susceptibility to penicillin (MIC  0.12 mg/L) among the
others serogroups ranged betweeen 0% (serogroups X and Y)
and 64% (serogroup C) in the first survey and between 0%
(serogroup Y) and 51% (serogroup C) in the second study (Data
not shown).
This higher proportion of moderate resistance to penicillin
in the strains of 29E serogroup might be due to a clonal spread
of resistant isolates.
In species with a significant level of recombination, such as
Neisseria, it is important to be careful in using traditional mark-
ers, such as serogroup or antibiotic resistance, when trying to
determine how the resistance has spread. However this dis-
tinction can be achieved using methods such as pulsed field
gel electrophoresis (PFGE), ribotyping or multilocus enzyme
electrophoresis, as these are able to determine relatedness
between isolates [4].
In order to index the overall relationships between N. men-
ingitidis 29E isolates the chromosomal DNA from 20 isolates
(14 moderately resistant and six susceptible to penicillin) was
digested with BglII and analysed by PFGE according to the
conditions described previously [5]. Seventeen different band-
ing patterns were found. Estimates of genetic relationships
among serogroup 29E meningococcal strains showed extensive
genetic diversity. Strains that are moderately resistant to peni-
cillin were no less diverse than the sensitive isolates. Figure 1
shows the dendrogram obtained from the different profiles
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Figure 1 Dendrogram of genetic relationship among 20
serogroup 29E meningococcal strains with different
susceptibility patterns to penicillin (S: CMI  0.06 mg/L; R:
CMI  0.12 mg/L). The number of strains in each pattern
is indicated in brackets.
using UPGMA (unweighted pair-group mean average). On this
basis we can disregard the clonal spread hypothesis as an expla-
nation for the high proportion of moderate resistance to peni-
cillin in 29E meningococcal strains.
Neisseria meningitidis isolates that are moderately resistant to
penicillin show the expression of PBP 2 (encoded by the penA
gene) variants with low affinity for penicillin [6]. Men-
ingococcal colonization may persist for several weeks to several
months, but this time-period differs for meningoccoci strains
of different serogroups [7]. The serogroup 29E meningoccocci
might persist in the nasopharynx for longer than other ser-
ogroups and then it might have more opportunities to exchange
DNA with related species such as commensal Neisseria species
(horizontal spread of resistance genes).
Most investigations of N. meningitidis strains that are mod-
erately resistant to penicillin have been carried out with ser-
ogroup isolates which most commonly produce meningococcal
disease [8], and for this reason it is possible to think that the
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situation found in the N. meningitidis serogroup 29E would be
similar to that found in Neisseria flavescens, and presumably by
virtue of differences in amino acid sequence the serogroup
29E meningococci strains naturally would produce low-affinity
forms of PBP 2. If this hypothesis is true then 29E men-
ingococcal strains would serve as a reservoir of resistant penA
genes.
This alternative hypothesis could only be tested by nucleotide
sequence analysis of the genes involved in resistance to peni-
cillin.
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